We have performed an optical spectroscopic and photometric search for young stellar objects associated with the molecular cloud Lynds 1340, and examined the structure of the cloud by constructing an extinction map, based on SDSS data. The new extinction map suggests a shallow, strongly fragmented cloud, having a mass of some 3700 M ⊙ . Longslit spectroscopic observations of the brightest stars over the area of L1340 revealed that the most massive star associated with L1340 is a B4 type, ∼ 5 M ⊙ star. The new spectroscopic and photometric data of the intermediate mass members led to a revised distance of 825 +110 −80 pc, and revealed seven members of the young stellar population with M 2 M ⊙ . Our search for Hα emission line stars, conducted with the Wide Field Grism Spectrograph 2 on the 2.2-meter telescope of the University of Hawaii and covering a 30 ′ × 40 ′ area, resulted in the detection of 75 candidate low-mass pre-main sequence stars, 58 of which are new. We constructed spectral energy distributions of our target stars, based on SDSS , 2MASS , Spitzer , and WISE photometric data, derived their spectral types, extinctions, and luminosities from BVRIJ fluxes, estimated masses by means of pre-main sequence evolutionary models, and examined the disk properties utilizing the 2-24 µm interval of the spectral energy distribution. We measured the equivalent width of the Hα lines and derived accretion rates. The optically selected sample of pre-main sequence stars has a median effective temperature of 3970 K, stellar mass 0.7 M ⊙ , and accretion rate of 7.6×10 −9 M ⊙ yr −1 .
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INTRODUCTION
Lynds 1340 is an isolated dark cloud at (l,b) = (130.1 • ,11.5
• ) (Kun 2008) , near the top of the Galactic molecular disk (see e.g. the wide-field 12 µm WISE Sky Survey Atlas (WSSA) image in Meisner & Finkbeiner 2014) . According to the first large-scale study of the region (Kun et al. 1994 , hereinafter Paper I) L1340 is located at 600 pc from the Sun, and the blue reflection nebulosity DG 9 (Dorschner & Gürtler 1968) , illuminated by a few mid-B and early A-type stars (Paper I), suggest that it belongs to the class of the intermediate-mass star-forming regions (IM SFRs, Arvidsson et al. 2010; Lundquist et al. 2014 ) whose origin, evolution, and role in the Galactic star-forming history are not well studied. IM SFRs are not associated with H II zones, but illuminate blue reflection nebulae and excite the polycyclic aromatic hydrocarbon molecules of the environment, resulting in strong mid-infrared diffuse background. The 13 CO observations of L1340 revealed a total mass of 1100 M ⊙ , some two orders of magnitude smaller than that of a typical giant molecular cloud. Three dense C 18 O clumps, L1340 A, L1340 B and L1340 C comprise some 85% of the total molecular mass. Three red and nebulous objects, RNO 7, RNO 8, and RNO 9 (Cohen 1980) , containing small groups of faint stars, are associated with the three clumps, respectively. Ten dense cores were identified in L1340 through a large-scale NH 3 survey by Kun, Wouterloot, & Tóth (2003, hereinafter Paper II) , with masses and kinetic temperatures halfway between the values obtained for the ammonia cores in Taurus and Orion (Jijina et al. 1999) . Thirteen Hα emission objects ([KOS94] HA 1-[KOS94] HA 13) were found by Kun et al. (1994) , and 14 ones , concentrated in the small nebulous cluster RNO 7 by Magakian, Movsessian, & Nikogossian (2003) . HH 488, HH 489, HH 671 , and their driving sources are reported in Kumar, Anandarao, & Yu (2003) and Magakian et al. (2003) .
To explore the nature of interstellar processes, leading to star formation in such an environment, and the role of feedback from young intermediate-mass stars on their natal cloud, the structure of the cloud and the census of the young stellar object (YSO) population have to be assessed. The low sensitivity of the photographic Hα survey presented in Paper I, and the small angular coverage of the more sensitive Hα survey by Magakian et al. (2003) suggest that most of the classical T Tauri stars associated with L1340 are still undiscovered. In order to identify the YSO population of L1340 we performed a wide-field slitless grism survey for Hα emission stars, and low-resolution, optical longslit spectroscopic observations of the bright stars of the region, illuminating reflection nebulae. To derive the luminosities of the target stars and examine their spectral energy distributions (SEDs) we supplemented our observations with optical photometric data available in the SDSS data base, as well as with 2MASS , Spitzer, and WISE infrared photometric data. To study the cloud structure we constructed a new extinction map using SDSS data. The results complement our recent infrared search for the YSO population of the cloud, based on our own observations and public data bases (Kun et al. 2016, hereinafter Paper III) . Our data and analysis are described in Sect. 2 and 3, respectively. The results are presented in Sect. 4, and discussed in Sect. 5. A brief summary is given in Sect. 6.
DATA

Longslit Spectroscopy
To identify and classify the most luminous optically visible young stars associated with L1340 we obtained low and intermediate resolution optical spectra of seven stars, associated with the extended reflection nebulosity DG 9 (Dorschner & Gürtler 1968) , three stars in the region of the nebulous cluster RNO 7, three stars belonging to the small, red nebulosity RNO 8, and two stars in the RNO 9 region (Cohen 1980) , as well as of six further [KOS94] HA stars. Furthermore, we included in the target list two stars projected on the RNO 7 cluster and much brighter and bluer than typical cluster stars. The target stars whose association with the cloud is evidenced by reflection nebulae are shown in Fig. 1 . The star No. 1, located east of RNO 7 (lower right panel of Fig. 1 , 2MASS 02273807+7238267) was selected due to its associated 8-µm nebulosity (Paper III).
We observed the optical spectra of 23 stars utilizing several instruments, namely CAFOS 1 with the G-100 grism, installed on the 2.2-m telescope of the Calar Alto Observatory, FAST on the 1.5-m telescope of the Fred Lawrence Whipple Observatory (Fabricant et al. 1998) , ALFOSC 2 with grism 8 on the Nordic Optical Telescope in the Observatorio del Roque de los Muchachos in La Palma, and the low-resolution slit spectrograph operated on the 1-m RCC telescope of the Konkoly Observatory 3 . The log of the spectroscopic observations is shown in Table 1 . We reduced the data following the standard IRAF procedures (see further details in Kun et al. 2009 ).
Slitless Grism Spectroscopic Observations
We observed L1340 with the Wide Field Grism Spectrograph 2 (WFGS2 ), installed on the University of Hawaii 2.2-meter telescope, on 2011 January 1, October 15, 16, and 18, and 2012 August 10. We used a 300 line mm −1 grism, blazed at 6500Å, and providing a dispersion of 3.8Å pixel −1 and a resolving power of 820. The narrow band Hα filter had a 500Å passband centered near 6515Å. The detector for WFGS2 is a Tektronix 2048 × 2048 CCD, whose pixel size of 24 µm corresponds to 0.34 arcsec on the sky. The field of view is 11.5 ′ × 11.5 ′ . We covered an area of 30 × 40 arcmin, centered on RA(2000)= 2 h 30 m and Dec(2000)= 72
• 48 ′ , with a mosaic of 12 overlapping fields. For each field, we took a short, 60 s exposure in order to detect the Hα line in bright stars, and three frames of 300 s exposure.
Bias subtraction and flat-field correction of the images were done in IRAF. Then we used the FITSH, a software package for astronomical image processing 4 (Pál 2012 ) to remove cosmic rays, coadding the long-exposure images, identify the stars on the images, and transform the pixel coordinates into equatorial coordinate system. As an example of the reduced and coadded images, the central part of the RNO 7 cluster can be seen in Fig. 2 .
We found 75 stars with Hα emission by examining the images visually. We determined their equatorial coordinates by matching our images with the 2MASS (Cutri et al. 2003) image of the field. We could associate all but two emission sources with 2MASS point-sources unambiguously within 1 ′′ . Therefore we use 2MASS designations of the stars for equatorial coordinates. For the two stars missing from the 2MASS All Sky Catalogue we use their SDSS DR9 identifiers. One of these stars, SDSS9 J022856.42+724019.2, situated at some 2 ′′ from another, brighter Hα emission star, 2MASS 02285635+7240171 (SDSS9 J022856.34+724017.1), has no counterpart in any of the 2MASS , WISE , and Spitzer data. The other one, SDSS9 J022932.32+725503.3, although too faint for the 2MASS , can be identified in the AllWISE data base and Spitzer images. We detected Hα emission from 18 stars, previously identified as Hα emission objects by Kun et al. (1994) and Magakian et al. (2003) , and from the hypothetical exciting source of the Herbig-Haro object HH 488 (HH 488 S, Kumar et al. 2003) . The equivalent width of the Hα emission line EW(Hα) and its uncertainty were computed in the manner described by Szegedi-Elek et al. (2013) . Due to the faint continuum or overlapping spectra we could not measure EW(Hα) in the spectra of six stars. Table 2 lists the 2MASS designations, measured EW(Hα), and cross-identifiers of the Hα emission stars of L1340, consisting of the 75 stars identified in the WFGS2 images and the two ones identified during the longslit observations but outside of the field of view of the WFGS2 observations. Figure 3 shows the positions of the Hα emission stars, overplotted on the DSS2 red image of the region.
Photometric Data
Spitzer L1340 was observed by the Spitzer Space Telescope using Spitzer 's Infrared Array Camera (IRAC; Fazio et al. 2004) 2 in all four bands. The centers of the 3.6 and 5.8 µm images are slightly displaced from those of the 4.5 and 8 µm images, therefore part of the clump L1340 C is outside of the 4.5 and 8 µm images. Moreover, the 24 and 70 µm images do not cover the southern half of L1340 A. A small part of the cloud, centered on RNO 7, was observed in the four IRAC bands on 2006 September 24 (Prog. ID: 30734, PI: D. Figer). Each of our longslit spectroscopic target stars are located within the field of view of the Spitzer observations. All but two of the 75 Hα emission stars detected by the WFGS2 are within the field of view of the 3.6 and 5.8-µm images, albeit 14 of them are outside of the 4.5 and 8-µm images. We performed IRAC and MIPS photometry of the target stars by the procedure described in Kun et al. (2014) .
AllWISE All but eight of the Hα sources have counterparts in the AllWISE Source Catalog (Wright et al. 2010) . The WISE images of L1340 reveal bright diffuse background at 12 and 22 µm (see Paper III). Point source fluxes in the W3 and W4 bands may therefore be contaminated by the diffuse radiation, originating from the environment. We applied the criteria, set by Koenig & Leisawitz (2014) , to discriminate real point source fluxes and fake sources, resulting from background-contaminated data in the W3 and W4 bands. We found reliable WISE 22-µm fluxes for five Hα emission stars, not observed or not detected by MIPS at 24-µm, allowing us to classify the SEDs of these stars.
SDSS L1340 is situated within Stripe 1260 of the SEGUE survey (Yanny et al. 2009 ). Each of our target stars has a counterpart in the SDSS Data Release 9 (Ahn et al. 2012) within 1 ′′ of the 2MASS position. We include the optical data points into the SEDs of the stars, and use them for estimating their extinctions and spectral types. To compare the color indices with those of the spectral sequence of pre-main sequence stars, published by Pecaut & Mamajek (2013) , we transformed the ugriz magnitudes into the JohnsonCousins UBVR C I C system, using the equations given in Ivezić et al. (2007, for BVR C I C ) and Jordi et al. (2006, for U) . Furthermore, we use SDSS data for constructing an extinc-tion map of the cloud.
Photometric data of the target stars are presented in Tables A1 and A2 of Appendix A.  Table A1 lists the UBVR C I C and 2MASS JHK s magnitudes, and Table A2 
ANALYSIS
Spectral Classification
We analysed our longslit spectra using the 'splot' task of IRAF. The spectral types of the stars were determined by comparing the absorption features with those in a number of standard star spectra found in the spectrum library of Jacoby, Hunter, & Christian (1984) , and following the criteria described in Hernández et al. (2004) and Gray & Corbally (2009) . Spectra of the stars earlier than F5 are shown in Fig. 4 , and their spectral types are listed in Table 3 . We examined the Hα lines in these spectra for the presence of a possible emission component, overlying the photospheric Hα absorption line. The inset in each panel shows the Hα line of the target star together with that of a standard star of the same spectral type. We estimate the accuracy of the spectral types of these stars as ±1 subclass. Spectra of the observed Hα emission stars are displayed in Fig. 5 . The classification of these stars is less accurate due to their low brightness and non-photospheric line and continuum emission. The spectral types of these stars are listed in Table 4 . We adopt a two-subclass uncertainty, which is supported by the comparison of the results with those obtained from the SEDs (see Sect. 3.2).
Spectral Energy Distributions
The available SDSS , 2MASS , Spitzer , and WISE photometric data allowed us to plot the SEDs of the observed stars over the 0.36-24 (70) µm wavelength region. Having the spectral types of the longslit target stars determined, we dereddened their observed SEDs according to the normal interstellar reddening law (R V = 3.1) of Cardelli, Clayton, & Mathis (1989) to match the photospheric SED of the given spectral type, defined by the color indices tabulated by Pecaut & Mamajek (2013) .
SEDs of the Hα emission stars, detected by WFGS2, were also constructed using all photometric data. Akari IRC fluxes (Ishihara et al. 2010 ) at 9.0 and 18.0 µm are also included when available. We estimated the spectral type and the extinction of each target star by comparing visually the optical-near infrared SED (from the B to the J band) with those of a grid of reddened photospheres, using the reddening-free color indices of Pecaut & Mamajek (2013) , the extinction law of Cardelli et al. (1989) , and the A V ≥ 0.5 mag restriction (Kun et al. 2003) . We found the best fit of the photometry and photospheric colors using the reddening law R V = 3.1 for A V 2.0, and with R V = 5.5 for A V 2.0. Similar dependence of the extinction law on the line-of-sight A V was reported by Allen et al. (2014) for the Cepheus OB3 star-forming region. We estimate the accuracy of the resulting spectral types and extinction as ±2 subclass and ±0.5 mag, respectively.
We classified the infrared excesses of the Hα emission stars based on their dereddened SED slopes, α = d log(λF (λ))/d log λ, over the 2-24 (22) µm interval (WISE data were used for classification when no Spitzer data were available). According to the canonical classification scheme (Lada 1991; Greene et al. 1994 ) Class I protostars are characterized by α > 0.3, −0.3 ≤ α ≤ 0.3 indicates Flat SED sources, near the boundary between the protostellar and pre-main sequence evolutionary phases, whereas classical T Tauri stars have Class II slopes with −0.3 > α ≥ −1.6. Class III young stars with α ≤ −1.6 are pre-main sequence stars with very weak or no infrared excess. Class II SEDs then can be further divided into the primordial (II P), pre-transitional/transitional (II T), and weak or 'anemic' (II A) subclasses (Evans et al. 2009 ), based on the details of the SED over the 2-24 µm wavelength interval, compared to those of the median SED of the benchmark sample of T Tauri stars of the Taurus region. We constructed the Taurus median SED using Furlan et al.'s (2006) data, established for K5-M2 type stars over the 1.25 µm ≤ λ ≤ 34.00 µm region, and those of D' Alessio et al. (1999) for optical and far-infrared wavelengths. A circumstellar disk is primordial if the SED does not drop below the Taurus median band; it is an evolved pre-transitional or transitional disk if the SED is below the Taurus median band in the near-infrared, and starts rising in the mid-infrared, whereas the SED of a weak or anemic disk is below the Taurus band over the whole observed infrared region. Since the evolutionary processes leading to the II A and II T subclasses may be different, their occurrence and properties within the same star-forming environment may bear information on their origin.
Hertzsprung-Russell Diagram
Having determined spectral classes and extinctions we calculated the bolometric luminosities of the target stars from the extinction-corrected V , I C , and J magnitudes separately, using the bolometric corrections and color indices tabulated by Pecaut & Mamajek (2013) , and adopting the new distance of 825 pc (see Sect. 4.1). Then we took the average of the luminosities obtained from the three photometric bands. To find the positions of our target stars in the log T eff -log L plane, effective temperatures, corresponding to their spectral types, were also adopted from Pecaut & Mamajek (2013) . To estimate the masses and ages of our target stars, we applied evolutionary tracks and isochrones from Siess et al.'s (2000) pre-main sequence evolutionary models. The errors of T eff originate from the uncertainty of the spectral classification, and the errors of the luminosities were propagated from the photometric errors, and uncertainties of distance, extinction and bolometric correction.
Extinction Mapping
The high sensitivity SDSS data and the improved census of the YSO population of L1340 allow us to refine the picture of the dust column density structure of L1340, compared to available extinction maps of the region (Paper II, Rowles & Froebrich 2009; Dobashi 2011) . We constructed an extinction map, applying the classical method of star counts (Dickman 1978) on the SDSS DR9 data set. We repeated the procedure that was applied on the DSS2 data in Paper II. We counted the stars on 90-arcsec sized squares, whose centres were distributed on a regular grid with step of 15 ′′ . The number of stars with V ≤ 25 mag within a 1 square degree area was 30562. We omitted all classified galaxies, and removed each star with V < 14 mag as probable foreground object. Furthermore, we removed each identified candidate YSO, both the Hα emission stars and the color-selected pre-main sequence stars (Paper III). The off-cloud reference area was a 6 ′ × 6 ′ field centered at RA(2000) = 34.4779
• , D(2000) = +72.993
• , containing 499 stars. The resulting A V map then was boxcar-smoothed to reduce the scatter. The uncertainty of the extinction of a pixel, derived by the formula given in Dickman (1978) and depending on the pixel value itself, extends from ∼ 0.4 mag in the low extinction areas (between 0-1 mag) to 1.4 mag near the extinction peaks. The resulting A V map can be seen in Fig. 6 .
RESULTS
Revised Distance
Main-sequence stars illuminating reflection nebulae are excellent distance indicators of interstellar clouds. The distance of L1340, given in Paper I, was determined using objectiveprism spectral classes and photoelectric UBV magnitudes of three stars of L1340 B, associated with reflection nebulae (stars 3, 5, and 6 in Table 1 , denoted in Paper I as R1, R2, and R3, respectively). This method resulted in 660 ± 30 pc, and it was averaged with the lower value of 560 pc, suggested by a Wolf diagram, to 600 pc. We note that, in addition to the limited precision of spectral classification from very low dispersion spectra, the photoelectric magnitudes of some measured stars were contaminated by the light from visual companions, biasing the result toward a smaller distance. The new spectroscopic and photometric data allow us to refine the distance determination of L1340.
The results of our spectral classification, listed in Table 3 , show that the two most luminuous stars associated with L1340 are the B5 type star No. I3 and the B4 type No. I6. Both stars were classified as B5 type in Paper I. The new spectra show that the He I lines are slightly stronger and the He I λ 4471 to Mg I λ 4481 ratio is higher in the spectrum of the latter star, suggesting an earlier type. Due to the short evolutionary time scales of such stars both of them were most probably born in L1340, and are located on the zero-age main sequence (ZAMS) of the Hertzsprung-Russell diagram. The effective temperatures of these spectral types, according to Pecaut & Mamajek (2013) , are 15700 K and 16700 K, respectively, and the luminosities on the ZAMS, according to the intermediate-mass pre-main sequence evolutionary models of Palla & Stahler (1993) , are 458 L ⊙ and 670 L ⊙ , respectively. Applying the unreddened color indices and bolometric corrections, tabulated by Pecaut & Mamajek (2013) , we obtain distances of 855 pc and 794 pc for the two stars, respectively. We adopt the new distance of 825 pc in the rest of this paper. A ±1 subclass scatter of the spectral types results in the distance range 750 D 940 pc. The recent paper of Green et al. (2015) suggests similar distance of the dark clouds at the Galactic coordinates of L1340.
Cloud Structure and Clump Masses
The new A V map of L1340 is shown in Fig. 6 . To compare the distribution of the gas and dust, Our extinction map saturates at A V,max = 6.7 mag. The extinction exceeds this value on 2 pixels within the area of clump A, on 50 pixels within clump B, and 27 pixels in clump C. The column density at these positions is close to the critical lower limit of A V ≈ 8 mag found for star-forming clumps in several molecular clouds (e.g. Molinari et al. 2014 , and references therein).
The overall structure and the mean A V are compatible with those obtained by Rowles & Froebrich (2009) and Dobashi (2011) , based on 2MASS color excesses. We find the mean extinction A V = 1.87 mag for the region of the cloud within the A V = 1.0 mag contour. The same average is 1.85 mag for Rowles & Froebrich's (2009) extinction map, and 1.63 for the map of Dobashi (2011) (for the offset of both all-sky extinction maps see Rowles & Froebrich 2009) . A conspicuous difference is that, whereas the most opaque spots of our map are found in the largest clump B, the color index-based method indicates the maximum extinction at the position of the cluster RNO 7. The large median 2MASS color indices at the position of RNO 7, leading to the high apparent extinction, may be caused by the large number of unidentified YSOs (Paper III). Another difference is that the maximum A V , derived from the color excesses, is 6.43 mag, whereas a few small, even darker regions can be detected in the map based on SDSS data.
Comparison of
13 CO and A V shows that the three clumps L1340 A, B, and C, revealed by the 13 CO data, fragment into dark knots with typical sizes of a few arcminutes in the extinction map. In particular, the central region of L1340 B contains a conspicuous chain of dark spots, comparable in angular size with the resolution of the map, and also apparent in the 850 µm emission.
We estimated the mass of the cloud and its clumps using the extinction map. Assuming N(HI + 2H 2 ) = 1.9 × 10 21 × A V , 36% helium and 1% dust mass, we obtain M ≈ 3700 M ⊙ for the cloud material above A V = 1.0 mag, corresponding to the column density N(HI +2H 2 ) 0.94 × 10 21 cm −2 . This part of the cloud covers an area of some 90 pc 2 , and roughly coincides with the region detected in 13 CO. Scaling the mass of 1100 M ⊙ , obtained from the 13 CO observations, to 825 pc we obtain 2080 M ⊙ , demonstrating that the 13 CO emission saturates at lower column density than the A V map.
We estimated the masses of the clumps by summarizing the column densities for the regions above A V = 1.8 mag, where the clumps separate. Table 5 lists the average sizes (square root of the area above the threshold), mean and maximum A V , and masses of the three clumps, adopting the distance of 825 pc.
Nine Planck Galactic cold cores are projected near extinction peaks, suggesting their physical relation to L1340. One of them, PGCC G130.38+11.26 was included in the detailed Herschel study by Juvela et al. (2012) . Assuming a distance of 810 pc they derived a mass of 404 M ⊙ for a region of 0.94 pc (4 ′ ) in diameter. Comparison of this result with those in Table 5 supports that the mass derived from the dust emission is compatible with that obtained from the extinction.
Intermediate-mass Young Stars
Stars Earlier than F5
We identified 11 stars earlier than F5, projected on the surface of the molecular cloud. We expect to find optically visible intermediate mass (M 2 M ⊙ ) members of the YSO population of L1340 among these stars. The SEDs of these 11 stars, including all available photometric data, are shown in Fig. 7 . The photospheric SEDs, matched to the extinctioncorrected data at the I C and J bands are also plotted. Spectral types, extinctions, effective temperatures, and luminosities of these stars are listed in Table 3 , and they are plotted with blue star symbols in the Hertzsprung-Russell diagram in Fig. 10 .
Five stars, Nos. I1, I5, I9, I10, and I11 in Table 3 , are located above the ZAMS. These stars appear to be 1-3 million year old stars of 2-3 M ⊙ mass. Figures 4 and 7 suggest that most of these stars lack emission lines and infrared excesses, characteristic of Herbig Ae/Be stars. The only obvious exception is star No. I11, an F4-type star associated with RNO 9, exhibiting both infrared excess and strong Hα emission. Moreover, a weak emission component can be seen in the Hα line of the B8-type star No. 10, and the B4-type star No. I6 exhibited Hα emission in the spectrum recorded on 1999 Aug 7 (drawn by red line in Fig. 4 ). The mass of this latter star, estimated from the position on the zero-age main sequence, is about 5 M ⊙ . The two non-nebulous target stars projected on RNO 7 (Nos. I2 and I4) are located on the ZAMS at the distance of the cloud, like Nos. I7 and I8, members of a visual double embedded in the DG 9 nebula.
Intermediate-mass T Tauri Stars
Figure 10 suggests that seven of the brightest Hα emission stars, (Nos. T1, T4, T8, T10, and T12 in Table 4 , as well as Nos. 19 and 20 in Table 6 ) are as massive as 2-2.5 M ⊙ . According to the overplotted evolutionary tracks these stars are in a short-lived phase of their pre-main sequence evolution, and evolving toward higher temperatures and luminosities they will become either Herbig Ae stars or normal late B-early A-type stars (Herbig 1994; Calvet et al. 2004) .
A candidate embedded intermediate-mass young star is the central star of the optical nebulosity RNO 8, associated with IRAS 02259+7246 (No. T6 in Table 4 and No. 44 in Table 6 ). Its position near the ZAMS suggests that, at optical wavelengths we observe its photospheric spectrum scattered from the outer disk atmosphere, being thereby strongly attenuated (De Marchi et al. 2013 ). If we compute the bolometric luminosity of this source by integrating the whole available SED, and assume that the infrared fluxes originate from reprocessed starlight, the star will move upwards in the HRD, to the position indicated by an arrow in Fig. 10 , suggesting a young star of some 2-2.5 M ⊙ .
The Classical T Tauri Population
The Hα emission stars are candidate classical T Tauri stars (CTTSs) born in Lynds 1340. Twelve target stars of the longslit observations exhibited emission spectra characteristic of classical T Tauri stars. In addition to eight [KOS94] HA stars we detected Hα emission in the spectra of three stars associated with the RNO 8 nebulosity, and in that of a faint star next to the F4 type pre-main sequence star RNO 9, referred to as RNO 9 B in Table 1 . The derived spectral types and measured equivalent widths of the Hα line are shown in Table 4 . Ten of these stars are located within the boundaries of the WFGS2 observations, and were detected as Hα emission stars in the WFGS2 images. To compare the equivalent widths measured with different methods, we list the EW(Hα), measured in the WFGS2 spectra of these stars, in the last column of Table 4 . The comparison suggests no systematic difference between the equivalent widths measured in the slitless and longslit spectra. The left panel of Fig. 8 shows the histogram of the EW(Hα) of the 77 emission line stars, detected during the WFGS2 and longslit observations. Most of the measured equivalent widths are between 10 and 100Å, typical for classical T Tauri stars (e.g Fernández et al. 1995; Reipurth, Pedrosa, & Lago 1996) . These strong emission lines originate from magnetospheric accretion and accretionrelated winds (e.g. Muzerolle et al. 1998 ). The highest value (496Å) belongs to the eruptive star V1180 Cas (Kun et al. 2011) , and the next highest one (280Å) was detected in HH 488 S (Kumar et al. 2003) . EW(Hα)< 10Å were measured in the spectra of not more than two stars. The histogram of the K s magnitudes of the Hα emission stars is displayed in the right panel of Fig. 8 .
Spectral Energy Distributions
SEDs of the Hα emission stars are shown in Fig. 9 . The dereddened SED and that of the best fitting photosphere are also plotted. The photometry-based spectral type and extinction, as well as the SED slope type are indicated in each plot. According to the classification scheme (Lada 1991; Greene et al. 1994) , our list of Hα emission stars contains one Class I source, 5 Flat SED, 64 Class II, and 5 Class III sources. Twenty-three of the Class II stars have primordial circumstellar disks (II P), 32 ones are surrounded by anemic disks (II A), and 9 pre-transitional / transitional disks (II T) can be found in the sample. Figure 10 shows the distribution of the Hα emission stars in the HRD. Filled circles indicate the stars with spectral types determined from spectroscopic observations, and open circles show the stars whose spectral types were derived from photometric data. The diagram suggests that most of our selected candidate YSOs are pre-main sequence stars between ages of 1-3 million years, in the mass interval of 0.25-2.0 M ⊙ , adopting a distance of 825 pc. Part of the stars are apparently older, and there are a few objects near or even below the ZAMS. The Hα star below the ZAMS is 2MASS 02275976+7235561, aka HH 488 S. This object is a binary or multiple system (Kumar et al. 2003) , exhibiting a Flat SED (Fig. 9) . Another underluminous star, apparently located on the ZAMS, is the central star of RNO 8, mentioned in Sect. 4.3.2. These stars may have nearly edge-on disks, blocking most of the optical photospheric fluxes. Combination of random uncertainties in photometry, spectral type, extinction, and veiling may also result in uncertain values of luminosity and temperature (see Manara et al. 2013 ). We used Siess et al.'s (2000) pre-main sequence evolutionary models to estimate the masses of the Hα emission stars and their uncertainties. We did not attempt to deduce age distribution from the luminosity distribution. Spectral types, visual extinctions, T eff , L /L ⊙ , and the SED slope types of the Hα emission stars are listed in Table 6 .
Hertzsprung-Russell Diagram
Accretion Rates
The major source of the Hα emission of pre-main sequence stars is gas falling onto the stellar surface along magnetospheric accretion columns. Several empirical relationships have been established between the luminosity of the Hα line and accretion luminosity (e.g. Dahm 2008; Herczeg & Hillenbrand 2008; Fang et al. 2009; Barentsen et al. 2011) . We computed accretion rates for our Hα emission stars using the relationship established by Barentsen et al. (2011) for the Hα emission stars of IC 1396, spreading nearly on the same mass interval as our stars:
where L Hα is the luminosity of the Hα emission line. To convert the luminosity L acc to accretion rateṀ acc , according to the relationship
we took the stellar mass M * , and radius R * from the HRD, and adopted R 0 ≈ 5 R * for the inner radius of the gaseous disk (Gullbring et al. 1998) . Logarithms of the resultingṀ acc accretion rates are listed in the eighth column of Barentsen et al. 2011) . The medianṀ acc of the sample is 7.6 × 10 −9 M ⊙ yr −1 , a typical value for T Tauri stars. Taking into account the 10% uncertainty of EW(Hα) and the errors listed in Table 6 we find that the accretion rates are accurate within ≈ 0.3 −−0.5 order of magnitude. Using another empirical relationship results in slightly higher accretion luminosities, but does not affect the shape of theṀ acc vs. M star plot.
The U -band magnitudes, available for the Hα emission stars, may offer an independent way to derive accretion rates. Since most of our stars are faint in the U -band, and their spectral types, determined from non-simultaneous photometric data, can be regarded as preliminary estimates, we calculated the accretion rates for a carefully subsample. First we selected stars with U < 21.0 mag and δU < 0.1. Then we inspected the SEDs of the pre-selected stars and omitted those whose SED indicated photometric variation between the I -band (obtained in 2005) and J -band (1999) fluxes, adding to the uncertainties of the derived spectral type and extinction. For the fifteen remaining stars (Nos. 1, 7, 9, 16, 18, 20, 28, 29, 32, 41, 43, 46, 47, 65, 66) we computed the U -band excess luminosities and transformed them into accretion luminosities following the procedures described by Gullbring et al. (1998) . Photospheric U -band luminosities were adopted from Kenyon & Hartmann (1995) . Comparing the result with the Hα luminosities we obtain the relation log(L acc /L ⊙ ) = (1.18 ± 0.11) log(L Hα /L ⊙ ) + (1.65 ± 0.22), compatible with Eq. 1. Figure 12 shows the relation between log L Hα and log L Uexc . The estimated uncertainities are within an order of magnitude.
DISCUSSION
New Features of the Cloud Structure
The new extinction map of L1340 reveals a shallow, strongly fragmented cloud. The average hydrogen column density within the A V = 1 mag contour is N(H 2 ) ≈ 1.87 × 10 21 cm −2 . If they exist, high column density regions, a prerequisite of star formation, are smaller in diameter than some 0.35 pc, the resolution of our map. The 850 µm map of L1340 B (Di Francesco et al. 2008 ) and the NH 3 cores (Paper II) point to such regions. The average hydrogen column densities, obtained from A V for the clumps L1340 A, B, and C, are around N(H 2 ) 2.5 × 10 21 cm −2 (Table 5) , lower than the detection threshold for C 18 O (e.g. Pineda et al. 2008) , suggesting that C 18 O was detected from dense, small regions of a knotty formation. The past and present winds and outflows of embedded intermediate-mass stars have probably played a role in sustaining the knotty structure, as it has been discussed by Offner & Arce (2015) . This effect is demonstrated by Fig. 13 , in which the extinction map of the central part of the clump L1340 B, containing the stars illuminating the DG 9 nebula is displayed, together with the 850-µm contours. The figure reveals several small, bubble-like features in the extinction, the most conspicuous one around the A0-type star 02290319+7259366 (star I5 in Fig. 1 ), bordered by dark lanes or submillimeter emission and embedded protostellar sources.
The Optically Selected YSO Population of L1340
The pre-main sequence evolutionary time of the most massive star associated with L1340 is a few times 10 5 years (Palla & Stahler 1993; Siess et al. 2000) . In spite of the absence of conspiuous pre-main sequence features this star may be very young, similar in several respects to BD+65 o 1638 in the young cluster NGC 7129 (Dahm & Hillenbrand 2015) . The temporary, weak emission component, detected in its Hα line, supports this argument. The weak emission components, suspected in the Hα lines of other intermediate-mass stars, have to be confirmed by high-resolution spectroscopic observations. Our sample of candidate T Tauri stars contains 5 G-type, 50 K-type, and 21 M-type stars. The median mass of the Hα emission population is 0.7 M ⊙ . A sizeable part of the young population of the cloud is expected below the detection threshold of the slitless spectroscopic observations. The lower mass limit is 0.25 M ⊙ corresponding to a spectral type of ∼ M3. The cumulative distribution of the derived stellar masses is shown in Fig. 14 is compatible with that of Salpeter's (1955) initial mass function.
The surface distribution of the candidate young stellar population, overplotted on the extinction map of the cloud, is displayed in Fig. 15 . G, K, and M-type T Tauri star candidates are plotted with different colors, and the SED classes are distinguished by the plotting symbol. Filled symbols indicate stars with accretion rates higher than the median 7.6 × 10 −9 M ⊙ yr −1 , while open symbols show the stars accreting more slowly than the median. Figure 15 shows that the Hα emission stars are scattered over the observed area.
[KOS94] HA 4 and [KOS94] HA 13 are projected outside of the area covered by the WFGS2 observatons, suggesting a possible more widely extended pre-main sequence star population.
A striking group is the cluster RNO 7, projected within the clump L1340 A, and containing 14 Hα emission stars. Further small groups, consisting of less than ten members can be seen over the observed area. The most massive stars, including four of the five G-type T Tauri stars, are associated with the most massive cloud clump L1340 B.
13 CO and NH 3 observations (Paper I, Paper II) have shown that the kinetic temperature of the molecular gas is higher in clump B than in clumps A and C. The stars projected on L1340 B, however, form a widely scattered aggregate, without conspicuous clustering, unlike other star-forming regions, exhibiting stronger clustering around more massive young stars (e.g. Testi et al. 1999; Lundquist et al. 2014 ). Figure 15 shows clearly that K-type stars dominate our Hα emission sample. It suggests also that II T type disks tend to be projected on low-extinction regions. Within the wide scatter of the points in Fig. 11 it can be noticed that none of the downward triangles (pre/transitional disks) are found above the fitted line, indicating that their accretion rates are lower than the average. To examine in more detail how the shape of the SED of a Hα emission star is related to stellar properties, accretion activity, and location within the cloud, we show in Table 7 the average EW(Hα), A V , log T eff , log L, andṀ acc for each SED class and subclass. The comparison shows that Flat and Class II P sources are located in regions of higher extinction, they are more massive and their accretion rates are higher than those of the stars possessing II A and II T type disks. Similar correlations of the SED shapes with accretion rates and stellar distributions were reported for the Taurus Class II stars by Najita et al. (2007) and Luhman et al. (2010) , respectively. It is noteworthy that the transitional disks of our sample (stars 7, 50), exhibiting photospheric SED below 24 µm, and weak/pre-transitional disks without excess emission below 8 µm (stars 3, 4, 6) were identified as Hα emission stars, suggesting CTTS-like accretion rates.
The age range of our target stars can be poorly constrained without further spectroscopic data. The HRD positions suggest that it may be comparable with that of the Taurus premain sequence population (cf. fig. 7 of Luhman et al. 2009 ). The number of Class II YSOs are also similar in both star-forming regions (Luhman et al. 2010; Kun et al. 2016) , whereas they are different in volume, molecular mass and kinetic temperature, structure, and Galactic environment (Kenyon, Gómez, & Whitney 2008) . To check whether disk properties observed in the two apparently coeval star-forming regions can be distinguished or not, we collected statistical data in Table 8 . We keep in mind that L1340 is some six times as distant as Taurus, therefore the low-mass side of its mass spectrum is more incompletely sampled. Furthermore, the Hα emission stars are more massive and stronger accretors than the Class II average of the region. Table 8 suggests that the Class II disks of L1340 and Taurus cannot be distinguished based on Spitzer color indices and mean accretion rates.
Comparison with Other IM SFRs
Lundquist et al. (2014, 2015) identified and studied a large sample of Galactic IM SFRs. Most of them are located significantly farther from us than L1340 and typically contain loose clusters with less than 100 members. The mean gas column densities and 13 CO linewidths observed for L1340 are within the range found for this sample. The sample of 36 young clusters within our 1-kpc environment, studied by Gutermuth et al. (2009) , contains several young stellar groups whose most massive star is around 5-6 M ⊙ (e.g. IC 348, IRAS 20050+2720, BD+40 o 4124, NGC 7129). Unlike L1340, most of these star-forming regions are parts of giant molecular cloud complexes. L1340 is located at some 160 pc above the Galactic plane, near the outermost boundary of the molecular gas disk, far from any known giant molecular cloud. In this respect it is similar to NGC 7129, lying at a similar distance from the Galactic plane. Molecular clouds and star formation at intermediate Galactic latitudes may be produced by expanding superbubbles. No such object has been identified in the environment of L1340. Infalling high velocity clouds, or Kelvin-Helmholtz instabilities arising at the shearing surface between gas layers of different velocities may also compress the gas. Detailed examination of the velocity fields of the apparent swirling structures, seen in the WSSA (Meisner & Finkbeiner 2014) image of the large-scale environment of L1340 may shed light on the interstellar processes leading to star formation in L1340.
CONCLUSIONS
We studied the structure and optically selected young stellar population of the molecular cloud L1340, located within our 1-kpc environment, but poorly studied so far. Our optical spectroscopic and photometric search for young stellar objects associated with the molecular cloud L1340 revealed that the most massive star associated with this cloud is a B4 type, 5 M ⊙ star. The new spectroscopic and photometric data of the intermediate mass members led to a distance of 825 +110 −80 pc, and revealed 14 candidate members of the young stellar population with M 2 M ⊙ . Our search for Hα emission line stars, conducted with the WFGS2 instrument on the 2.2-meter telescope of the University of Hawaii and covering a 30 ′ × 40 ′ area, resulted in the detection of 75 candidate low-mass pre-main sequence stars, 58 of which are new. We constructed SEDs of our target stars, based on SDSS , 2MASS , Spitzer , and WISE photometric data, derived their spectral types, extinctions, and luminosities from BVRIJ fluxes, estimated masses by means of pre-main sequence evolutionary models, and examined the disk shapes utilizing the 2-24 µm interval of the SED. We measured the equivalent width of the Hα line and derived accretion rates. The new extinction map of L1340, based on SDSS data, suggests a shallow cloud of clumpy structure, having a mass of some 3700 M ⊙ . The optically selected sample of pre-main sequence stars has a median effective temperature of 3970 K, stellar mass 0.7 M ⊙ , and accretion rate of 7.6×10 −9 M ⊙ yr −1 . The highest mass stars and the highest extinction are associated with the largest clump of the cloud. However, the surface distribution of the young stars is more scattered in the largest clump than in the smaller ones.
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A. PHOTOMETRIC DATA OF THE OPTICALLY SELECTED CANDIDATE PMS STARS
We list UBVR C I C and 2MASS JHK s magnitudes of the optically selected candidate young stars associated with L1340 in Table A1 . Table 1 . Open circles indicate sources whose spectral types were derived from photometric data. Evolutionary tracks (dotted lines) and 0.5, 1, 3, 5, 10 million year isochrones (thin solid lines), and the main sequence (thick solid line) are from Siess et al. (2000) . The stellar bolometric luminosities were calculated for a distance of 825 pc. The linear fit to the data is also drawn. Table 2 .
a Measurred in the CAFOS spectrum.
b Measured in the FAST spectrum. Najita et al. (2007) 
